PCX 



m fst m m m 




(51) mmm^m e 

C12N 15/00, AOIH I>00 // C12N 
S/00 



Al 



(11) 



(43) mm&mB 



wo 9SA)6722 



1995^3^ 9 0 (09.03.95) 



(21) sifigteiss-t 

(22) m^ms^B 

(30) ^^mr^^ 

^iiff¥5/24 39 7 5 
^0^6/27320 



POT/JP94/0144 2 
1994^9^18(01. 09. 94) 



1993^9^33( 03. 09. 93) JP 
1994i^l^3lB(31, 01. 94) JP 



(71) tiJUA {^m<i"<'CofB^K'=>\nx) 
0*>fctfti^5e«fe^4rtt (JAPAN T0BAC(30 INC.)CJP/JP] 
f 140 m^«a2tJIII2Ki5/l|EaT§l 2#6 2-)t Tokyo. (JP) 

(72) ^59^ lli-ia' 

(75) %5g^/W®A (^ftSrcowTO^) 
li»^«(8AIT0. Hideaki )CJP/JP3 
5fflttz:(ISHIDA. Yuji)CJP/JPD 
«a:#»5/s(HIBI, Yukoh)CJP/JP3 
^Mi&m(KOUAni, Toshihiko)CJP/JPD 

f438 nm^mm&mmM7Qo 

f3*;fc«£:a3e«^^ aeraWSft^rt Shizuoka, (JP) 

(74) «aA 

^re± $JI06X£0(TANIQAWA. Hide jiro) 

=fio2 m»:fij^ftffiEfiffl«64TB5«i2# mmt^A^m 

mmJSm^m^m Tokyo, (JP) 

(81)1^^11 

AXJ, CA, JP, us, ^^mi AT, BB, OH, DE, DK, BS. PR, 
OB, OR, IE, IT. LU, MC, NL, PT, SB) . 



(54) Title : METHOD OF TRANSFORMING MONOCOTYLEDON BY USING SCUTELLUM OF IMMATURE 
EMBRYO 

(54) %^B(D^^ ^^<ofim^cm\^itm^misa(omm£^^m 



(57) Abstract 

A method of transfonning a mono- 
cotyledon which* as conqiared with the con- 
ventional methods, is shortened in the pe* 
riod from the transfomntioD to the regener- 
ation of a plant body, can generally be ap- 
plied to a plant for which a means for re- 
generating a plant body from the protoplast 
is not established as yet, and can dispense 
with special apparatus, and for which nec- 
essary materials are readily available. The 
method comprises transforming a scutellum of 
a non-dedifferentiated immature embryo a 
monocotyledon with an ogrobacterium. 
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1 

;i?ijxf-p>^^'; ^'--'u^ (PEG^) ^ ^^-7- ^ ^ )i^if>m^om^^ihtix 

(Toriyama K. et al. , 1988; Biotech. 6:1072-1074. Shimamoto K. et al. , 
1989; Nature 338:274-276, Rhodes C. A. et al. , 1988; Science 240:204-207 

U- •> 3 >&<i:P11inj:r=^Si,^.^ito (Zhang W. et al. , 1988; Theor. Appl. 
Genet. 76:835-840, Datta S. K. et al., 1990; Biotech. 8:736-740 ) o 

J:oTiliE^*^A"rs:^}**<fg^$n/i (D'Halluin K. et al. . 1992; Plant 

Cell 4:1495-1505 ) o mA^titzMn^o^mm^immtizioi^x hmw 
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2 

'^t.'QKY^=euzi[/-7:\ii^ -^-fUijjVT. (Armstrong C. L. and Green C. 
E., 1985; Planta 164:207-214 ) ^1^mz^^-7- >( ^ )Vifymz^*)^%.W^'^ 
fr I ^ ^ C iElt ^ W -r § M ^ m 1* ^ ?f f I ^ ;&H > < o *N & 5 
(Gordon-Kainni W. J. et al. , 1990; Plant Cell 2:603-618, Froirnn M. E. et 
al. . 1990; Biotech. 8:833-839. Walters D. A. et al. . 1992; Plant Mol. 
Biol. 18:189-200 Vain P. et al. . 1993; Plant Cell Rep. 12:84-88) o Ltr> 

Vasil ^) 1*'^°- r ^ ^ XCct ^ T 3 A^^ox > 7' 'J ^ x - 7 iJ' ^ >'l'X C 
^<7.^^ izT^y :t x^cD^^Mo^^L^X'^^ -t^ X 7 ^ y X 'J •> > ^ T -t f- 
itt^h a ritfe^ (Thompson, C. J. et al., 1987; EMBO J. 6:2519-2523 ) 

ML. tfzha r Z. t^'^-f 'y^mxmWLtz (Vasil V. et 

al., 1992; Biotech. 10:667-674) o 

0M*<.i.t>n/:: (Li L et al. , 1993; Plant Cell Rep. 12:250-255) o 

Christou^>li'^°-r -f i'^l'*'>{i«koT'f :^©pfe3SiE«-b a Vs 
•> > jgSiftitfEi^43 J; i>' G U S ilfs^ ^-^A L > ^ > / n ^ •> > t t" 7 7 

7 t7.\zmm:X'G\ism^^7r^irmiaw^nx. rnxm^.^ou^'^^^ >^ 

ffl-lij;-, THIS L/C (Christou P. et al. . 1991; Biotech. 9:957-962) o 
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3 

Koziel 1^ T-'f ^;l'^>CJ;oT h '!? =e a ^^Bi^ h a ritlS^i 

(Koziel M. G. et al. , 1993; Biotech. 11:194-200) o 
^(D^feO^j^i LTlis 1) m^^. KiDNA®*!^^^ (Topfer R. et al... 
1989; Plant Cell 1:133-139. Ledoux L. et al.. 1974; Nature 249:17-21) > 

2) ^^^^omm (Luo and Wu 1988; Plant Mol. Biol. Rep. 6:165- ) ^ 

3) 'jji-ty-Aj* (Caboche M. 1990; Physiol. Plant. 79:173-176. Gad A. E. 
et al. , 1987; Theor.- Appl. Genet. 75:30-36 ) 

^^^fi*^©'?»•(wPI^>n^ .^^^»tC(i^^Ujy:t,>i$nTl^S (De Cleene M. 
1976; Bot. Rev. 42:389-466 ) o 

7i^'o/N'^x 'J ^ i^\t^iM-^mm!io^w^%nim^^\^x\t7 7.''i'7iS7s 

CBytebier B. etal.. 1987; Proc. Natl. Acad. Sci. USA. 84:5345-5349) s 
^LTi'A ( Dioscorea bulbifera ) (Schaferw, et al. . 1987; Nature 327: 
529-532) xn^-^tiX^^^tK ^<D^(DM^=S-mW.^. ^^^^l-fptn^fi 
'{k^M^X%U\,^t-^tiX^^i, (Potrykus 1. 1990; Biotechnology 8:535-543 

) o 

Griiiisley^>{i7/D/<:?f- 'j 'i7A©T-DNAO'f h '^^•□:3->7. h U - i^ 
)17. (Maize streak virus) O D N A ^WK L/cfcO^h'^^-D^y ^5,^. 

cg^au/iic^s h'^^rp^i/x h - ^ ^ )i7.<Dm^=^'mixfzz t^u 

^LTl^So h-i^^ppyx h 'J -^-f ^^X©DNA^^SL/c/i^:^T^iC0 
ck•9^iS^ffi4^3&^f^.»^>n5^d:^^c<i:*^t►^ ±©ti^(iTrP^<^' r 'J ^l^t^V^ 
^•p p vJrDN A^^Af* - <!:*<T§ S ^ <!: ^^"T © iMf? UT § 
(Grirasley et al. . 1987; Nature 325:177-179 ) o L*^L^ 
A {Cffl<6.iA * n J^cC < T Itm-r ^ oJ#ltt*< ^ © T% C ©M^ (i T - D N A 
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m(0^^,^J^^^Lfzt^ib^m^M< (Grimsley et al. , 1988; Biotech. 6:185 

-189 ) ^ m'^i^lir^'ay<^7'V'^l^(0:f'7 7.i KCDv i r CitiS^^MT* 
^Ci^^L/c (Grimsley et al. . 1989; Mol. Gen. Genet. 217:309-316 ) o 
Gould h'>ta3->®^S.^.«wtl-C^^o{:^/c^7f7:^v-f ^>}mttitfE 

-'U<^m^xmKM^^i)^Mm^niz (Could J. et al. , 1991; Plant 
Physiol. 95:426-434) 0 C©C iliT^''P^<^'x' J -i/ AMg$nfc^ft<#>b7^; 

Mooney^>ii^ T^^'n^^'^ r 'J A^ffil>T/hg®Ei:^^-7^ •> >jgSittitiE 
O^T^D^^r^T 'J -^/A^STg^SL^Co ML/c:^;l/;^0-9 t^i6TiJ/^tS[0;<7 :^ v 

^T0«tt^;l'X-e«AitjE^^©Mi^^M*<^e.n/c (Mooney P. A. et 
al.. 1991; Plant Cell, Tissue, Organ Culture 25:209-218 ) o 
Raineri t> li-C ^'^©E^C'^^oJ^ fc^, ^m^MOT ^ \J '< ^ f- >) 0 
A2 8 1 (pTiBo542) ^(D S SamizmmLfz t Z 6. B$Bf^ ^4S5^©2 
^m-cmm^a^'Mf^i^Mt^^^tifZo T-DNA*>t,;^;l/^>-^fi)cit 
fE^^I^<->/cT i 7^7X5 K{r;^-:hv^v>^tn:ttitj£^iGUSitfE^^ifA 

V > ^tjttt ><7 ;u X © Itm*^ ^ t> n o c © Jgtnltt ^;i/X-cliGUSitjE^©^il 

T ya^<{7 7-^} ^ i^o>T -DVi 4^ ©HBll&Jr^A $ tMf! LT -5 

(Raineri et al. . 1990; Biotech. 8:33-38) o 
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V. m^X'^ Zl^^i}<^^tli:i.^fli!}^'^tz (Potrykus 1. 1990: Biotech. 8:535 
-543) o 

Chan ^ Id: 2. 4 - Dd^#TT' 2 BF^^# U/c-f i^ + ^tf-f* 

(OimaWX ^)#AitfEi^CD#:a*^|gi6 1> n/; C ct ^$g^ LT t ^ S (Chan M. T. et 
al.. 1993; Plant Hoi. Biol. 22:491-506) o CCDj^Uli, T ^v^<^ t-^) ^ 

?IM^L/c*Mtrmm«irj:'9iii5i^^A^^f''j:-9:^-^ (D'Halluin K. et 
al.. 1992 ) fcfg#$nTl^'5*^ ^fim-WWt—mo^^XhK). ^o^tZ^— 
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^Zti)<^^ihtiXi.^?> (Gould J. etal.. 1991 ) o Li>^b^&.§.^mkt 6 

mmm^nui}^'^tz (gi) o 

z.titxKm^^h>nxf.^m ^^^immbxi. i ^*^Kc:i^^B^T3fe^ t 
zti)<x^fzo :^wM(D-:ij^xiimmmtmB^iMm'^m'^(Dx. 
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KpTOK232 ©a^:^}*^5^-riiiTfe So 

EI2li. ill <i:l^1iJrpSBl®«|iii7°5;^ $ Kp SB 1 3 1 ©«|g:^ft*^-r 

> 7' 1/ K <i: nm^^S^mmo F U « F l d^u^O^MT-*) S i ;&<if * L 

5 C <t*<"C^ So cng>® fe®®^ < {j: Agrobacteriuin tumefaciens a5fe®T i 
•f'pT.i b'C0<f^)lU>7.m^ Cvir Mit) *5S®DNAM^^-^t;'<^ ^-^ 

WLTfcO^ ^4i^{C#-^LJ;7 i-rSff^M^fl7itei^i4C®^i? frjf A 
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JifOT i-fy7.l y^Kin vivo "Cff A$nS t>OT*4o ttz^ /M^blis 
Agrobacterium tumefaciens A 2 8 1 t\.^o^1SMM^(0. l^M^^^^M^X 
M^^W (Hood. E. E. et al., 1984; Biotech. 2:702-709> Hood. E. E. et al. . 

1986: J. Bacteriol. 168:1283-1290 > Komari. T. et al. , 1986; J. 
BacterioL 166:88-94. Jin. S. et al. . 1987; J. Bacteriol. 169:4417-4425 

. Komari. T.. 1989; Plant Science 60:223-229. ATCC37349) K^t 
nST i -fyXi KpTIBo542©'y'f -'UU>X^i^ (vir ^i^) fiJ^CDDNA^J^ 

^-J t^.iiZti)^$>^) '^mmifz (#M¥4 - 2 2 2 5 2 7-t) o «BJt:- 

Z<DJ:'jflX-y^-y<^i-')-<^^ ^-(Dmt LTpTOK162 (#|fW4 - 
2 2 2 5 2 7-^) s::<i:*<-c§-5o ^©^it^HI 1 ir^f o :i<0:f'7Xi 

Kli. ±fli]^fe .t l>' Agrobacterium tumefaciens 4iTit5i|pTttT*>^pT0K154 <!: 
Bf(i'n^7°5X^ K (Ti7°7X$ K;!)^bl3t^$n/ci>^n©pGA4727°7 X $ 

pvcKioi <i:iifi^nsi:?^cD/i:a±^>^7x ^ K*^^^aio:^}5fetij:<3^^$n 

fz. TM^*#ti X $ K) {rpTiBo542©'y'f ^I'U^X^^fiJlSOgEtCi^ D- 
>'^[:^nTt^/c±iel 5. 2 + n/^-X©Kpnlfir>T- (virB, virG, UrC^mBl- 

^^ij) *ila^iA^y^t>OT*)So ::®pT0K154 iziu TfM^o 2o®:^#EyiJ 

*^E2?iJ$nTfc«5. C©^JIi> ^^^M'^{:^ALcJ:^<i:t-^itfEWpTiBo542 
© -y ;i/ u >.7.fgJ^S5|5o ^ D - ><l:$ ti/c D N AKff^T-^^W-r S ;^ i K± 

m^^m{-jia^jii>9<!:-tsBiTS©«jET-i4. ±15^5 X> K©T-DNA 

^flJittt^©ii^n£^^Rv-;f7-lwSo'I.^TJl^;?t^C<!:;5^'T§^o t-^i^). @ 
1 {r:^-rpT0K162 ©J;^(i. AMT^I^©^J|iIla5fi^^-:> fc©l4. ii^©-9-7'^ 

D - >^ > ^^o^fifeTiiFjrM© D N A ^ T^j|Ki^{c^A-r 6 c <b L *>^^ 

T^il-'C <!:*-ii)5o d© j: /^^-^trtji Agrobacterium tumefaciens ilflSl^©in 
vivo ?^-C©^@Ih1M^^ (Herrera-Estrella. L et al. . 1983; EMBO J. 2:987 



wo 95/06722 PCT/JF94/01442 

9 

-995^ Horsch, R. H. et al., 1984: Science 223:496-498 .) ^m^ti^ttz 
ck<3^ @fl<j®DNA*pTOK162 IzmXir 6 Z tib^m^l^-^S^o -rut>^, 
IS"> 'krf-. pTOK162 ■^r Agrobacterium tumefaciens ir#ALT*^l^T^ 
$ bCElrSDN A^#AL/cpBR322(!:>f lin^7°7X i K 

^^At-'So PTOK162 ©DN A C(ipBR322(!:^ll^n£?fU^ -SOT'. 
pBR3220l#^*l*fflTO^J*/^ L ^ffi^;t J; pTOK162 {rM^^ii* n ^Z.t\z.fl 
6o pBR322(ipT0K162 <!:^ni: 0 Agrobacterium tumefaciens ^-CltU^V^fii.^ 
(DV. Z(DJ:.oU^^ii<ttlfz^m (pT0K162::pBR322 ^##<i:l^9) Vfi^fti 
{j Agrobacterium tumefaciens ^-C^^t^Zti)^X'^fl^\ ^LXs pTOK162 

pTOK162::pBR322 ^^tt^WI" ^ Agrobacterium tumefaciens ^tfSCi^^T'^ 
-So $t>C^ pT0K162 ^W-^^ Agrobacterium tumefaciens lZ^M(^:f'7 7. i K 
<£-*At-CW^L/ciC5> pBR322^^ftO»v-;^-i LT(i. h7>xf^ 
y>Tn 7 (De Greve. H. H. et al. . 1981; Plasmid 6:235-248 ) 

'>>mnMin^ (sp) i}<^tixt<^^ztibmmbfzo m-ox. tx 

<w^M®itjEi^*<pBR322<Ci>CJ->'fb$tiTt^'S^|-^{rii. S Pi&B:ir^^(D-f 
yXi Ktljf A-^tli^x Agrobacterium tumefaciens [^g>:(il^Mj^;i{r J: 0 . 
pTOK162 (DT^Hi^mW.Oi&m^^MAt^Zti}<X^^o t /c-ecf&O^-^C 
lix pBR322ft*0DNA<!: S Pjtfei^*^b«^$tl^7°7X i K^^:i:LT*il^ 

T. cnicma©it^E-?^ifA-rs:^j*fc%;tt»nSo -©iiSs tm^©:^^® 

?ij^effl-rn(i> ^^m^. PTOK162 ±lcfcl>T> ^:^-v^->>irttitf5^<i:m 
m©il^^^SIJ ^ © T tCE*-r S C <J: plt^T* So 
v-y7-<!: LTm^?fm$E^t/c*^. MT^ife^A^n^Jt-g-fc^B^© 
i:bip-e^L;§:b<^Tfc5©-C:\ iMfs^ ©^AIS+^J-WC^ €.0 ^/c. MT 
€|Jt*^SIJ 'ir ©^fe<*CM^ii* n S^-^ 0 t#S ©T\ ^{I a fit©itfE^ ^ 

Agrobacterium tumefaciens ^^t. L < fflt^S CI <t :*^T'^ §0 

7^7 Agrobacterium tumefaciens 1^© 7 -r U ■^AMlHiagHil 
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(Ditta, G. et al.. 1980: Pro. Natl. Acad.Sci. USA 77:7347-7351 ) JrJ:D 

m^ii. 10^-1 o^^mm/m i mg©iffliiagg®7rD/<^x u -^amm 
!t•s^i^^lss!! L> :: ©jiM-^^tiT^M^ 3-10 ^mm^mm^^. mitmm± 

(4. 2 . 4 - D#t^TT©^#^©i8£^3'{bMa*^T C i < . T^fiK* -e ® ^ 
Ui^l5-i^Tlt. 7/n/<^"r <>AMMi^ftlll$-ti-SBU{'> 2. 4-Di:©* 

mM©|^J{:li^&^^bM^^T•9<!:^ ?^®lc^»AMST-rs®T. Z-O^-jtm 

J:-9<iMS*ffoTfeJ:l^3&^ *^^BJ^'^>I4^ :i© J; 9 ^illfMS^^f ^o^a < 
(4> TO-rSiJ^KfeMC;<7;l'X'^i|#-ri.5^m*MaT1-'S.®T'> COJ;^^' 
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J^MB^i^f^^MtBit. -e©^. ^^®:^?* (Green, C.E. and Phillips, R. 
L , 1975; Crop Science 15: 417-421. Duncan, D. R. et al. , 1985; Planta 
165; 322-332) iZX^^^it^ti. ate^«^^.T?gKfeMaS©m^ ±tm^^T 

l^o ?^MfeMfla*^t>omt*:©S^(i4^^©:^& (Luppotto. E. and Lusardi. 
H.C. 1988: Maydlca XXXI 11:163-177 ) \tJ^K>n^Z.ti)<'Q%^o CltlirckOB^T 

KIT. :^mM^mmmizm-:i^jiioM:Wb^i:^mmt^o to it. :^^miir 
( 1 ) mum.m(Dmm 

(i) K>!7tn3 •>©p^a 

h't7*a a P3732s A188^ H84s B37Ht> Mol7Ht> W117Ht. Oh43^ H99 ^ 

W64A Ht rhm . Fl (MSB x Black Mexican Sweet). Fl (AI88 x B73Ht). Fl 
(B73Ht x A188) . F1(H84 x A188)s FKMoHHt x A188) ^ F1(C103 x A188) -Srl^ 

mtLxm^Ltzo P3732 itmmmmw,mm'^ ^ o A^o ^T©^>yb7 k& 

O'Black Mexican Sweet ©l^-rn©a°nigt>Ji**7jc]g#^!^g^gST^B)T*^^>Af^L 

(ii) ■< ^^(D^aW. 

(iii) V^^eaa '>SM^©i)i$!i 

i^m. (Linsmaier E. and Skoog F. 1965: Physiol. Plant. 18:100-127) . 0.5 
mg ml -a^ym. 0.5 mg 1 h" 'j Y^iyy^Wt^. 1 mg 1^7^ >Jlifi^. 100 
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mg liTtr^ J h-Jl. 100 mg,l^if S ^Wi. 700 mglT^n U >^ 20 g l'> s 
$1^ 2.3 g 1 y^'l'v^' h) lzmmi2 5V. raTT'^«L/:o 

(iv) hC'^D^ v^ttoHil! 

(V) -r^^^MoilSSi 

^?E^> 7-12 B @©*Mi^^M^I^*L/c^. 70!K / 3 0 

^\ i%^mm.mm± h -> a n i o ^r^smt -s i c j: <9 mnuzm. *m 

( 2 ) T i 7^7 ;^ = K 

ys-r^'pv-r -> y^fttttitfei^ (hpt) . d■^x7^ y x u •> > (ppt) ^ 

JtttitiE^ (bar) fc<kJ>'GUSitisi^*T i K© T - D N A|gJt(I 

( i ) p I G 1 2 1 Hm : 

-i'x>J£tn;ttitfs^^<»:«*SL:t-/7;^$ K (Wt>> 19 9 1 : m<^^<-( yty' 
/py-ll (ilf^{k^iiTiJ. pp. 123-132) o ^■^m:K^. Wfi;.J:OA¥) o 
(ii) pT0K 2 3 2 : 

(a) > hn>GUS*><kt;'W^ovi'v'>jgJjt1«titf5^©tPB^^:5'^- 
PTOK229 'NO^IA 

Tn 7fi3f£©X-^^5^y-7^ v>jgt)tttiie^^^t-Clal»r>i- (2. 5kb ) ^rJ' 
by -Mirj; fJ^^^ft'ftL. Cin^pUCl 9©Sma iMir^fAL. 

pTOKlOT (5. 2kb) ^t#/Co pTOKl 07^EcoRI> Hi nd 
IIIT^SL. x^^^y v-f •> >ffitS:ttitiE^^^-#ti 2. 5kbir>T-^ 
pGA482©EcoRK Hindlll m)f (2. 7kb) <!:i*^L> 

-7^ •>>J£J)Lttite^<!:H i ndlll . Hp a 1 S[|5&^#t; p T 0 K 1 7 0 
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(5. 2kb) ^?§/:o 

mLtzK^ ^-p I G2 2 1 (Ohtaetal.. 1990, ^*M:;^^4't^ft.J; OM) 
c oR ivm&W:^ U/-^^(rj;(9 5^^^¥rt'fbLH i n dill U > ti - 
(pCAAGCTTG ; ^ij'7m^=i - K4 6 6 0 P) ^ifAL/Co 3 5 S^p 
J: c;^ > h n >GU S^^trSfJt^H indlll {CJ;0^t)alL^ 
3 5 S:fa^-:$^^tz^^^ iTv^^ i^>m,ijL^i&^^^mmLfzpGL2 (J. 
Paszkowski, Friedrich Miescher Institute «k'9A^) ©H i n dill SfJiiJiif 
ALpGL2-IG <7. 6kb) ^t#/Co ':£fc\ pGL2(ipDH51 
(Pietrazak et al.. 1986; Nucleic Acids Research 14: 5857-5868) C'W/ 
p^-f •>>^tn:tiil^s^^ (Gritz L. and Davis J. 1983; Gene 25:179-188 ) ^• 
Jf A L/:: t>cDT*>-5o pTOKl 70*Hpa I LT?# ^n/lttff>t^• 
pGL2- 1 GOPvuIlHrit (5. 2kb) <i:iS^LpT0K 2 2 9 ( 1 0. 
1 k b) '^mtzo 

(b) x-^N'-^N'^-^'J-^^'^-pTOK 1 6 2'v©#A 

V i rB. V i rC> V i r Gjtfs^^^f A LT#^X-/N°-^<-r :^ 'J -^^^ 
:$'-pTOK 1 6 2'\®ifi<]jt{E^ (^n^ ^ov-f •> >®^Jl14it^E^^ > h o 
>GUSilfe^) ©^Ali1il^MSlx.JCcl:oTffni-5/Co -ttli^h. m^i^$'- 
ItizmM-f^Xl KpBR 3 2 2llfi*-r5M^-^oOT> 7.^^5^/-7-rv 

p T 0 K 2 3 2 iDf (HI #B8) o 

^ y >j -> >stn:ttitf5^^s r I Gj li-Y > h p >Gu sitfe^^. reRjiiT 

- D N A O^**- y-E^iJ. TBLJ liT- DNA®2E*-^-ie?iJ, 
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TvirB. C, GJ liS^J^IittT/o/N'^'x 'J -^AA 2 8 1 S5^®v i 

rOR I J (iC o I E 1 0»iiii^.^'^ rCOSJ (i7Ay7r--:^© 

cosMs TKj iivmmmKpn iw, THj itmmmai ndiii «p 

( i i i ) PSB131 

(a) pSB131®^^ 

PTOK170 <&BamHI feJcO^Bglll t^Wmm^L. pYSlSSiLfco pYS138^EcoRI 
ci:(>'Asp718I T^S(rL>T4 DNA;f^ U / v --tfM^> Sail 'J (5'- 
GGTCGACC-3") ^If AblrmUpYS151^f^^L/Co pYS151^•SalIT'WL^ 
&ir^ pGA643 (An et al. . Plant Molecular Biology Manual A3: 1-19. Kluwer 
Academic. Dordrecht . 1988) ® T - D N 7 kbOSallSffH-^^A L 

PTOK235 *f^fi£LfCo pTOK235 ^SacII tU^^i:T'OTL^ T4 DNA;ft ij y ^ --tfi: J; 
t)¥?tMM. Hindlll 'J>J?7- (5'-CAAGCTTG-3') <£•lfAUW^L^ l#^.tl 
/c^^Xi K^pTOK246 t^^S L/Co pT0K246 ^Hindlll fcckJ>'EcoRl T^OSIr 
T-DNA4'©:^lf|543-0DNA*|^*L/c^> 35S >^□^•-:^'-^C+^X7 ^ 
y;^U->>7-fe^-'U>7>X7x7--tf]tiSi^ (#^¥1-503434) '^mmif^it 

(b a rite-T-x Mtiir^^X^^ y X U •> ^iftt^^t-^-T 5t6:*J*Wt-5 ) 
^^tr2. 2 kbOHindlll-EcoRI KrH-^ifA UpSB25 ^Wfz, ^^{r, pSB25 ^ 
Hindlll T^ifL. pIG221J:0«L/c. 35S T-a^-^-i-f > h p >GUS ^ 
ft;3. 1 kbOHindlll KH-^-^f A tpSB31 ^fP^L/Co •rn£^t.^ pSB31 (i^ T 
-DNA^^tfJr. Mi^'fTH^-rS'T > hD>GUS itfe^ <t X 7 ^ y X 'J •> 
>»14itfeT- (bar) F^^^ ^J'-TfeSo 

(b) pNBlOlf^ 

pVCKlOl (Knauf et al. , Plasmid 8:45-54 . 1982) ^EcoRl J: 0 W L ^ 
T4 DNAd-tU>7--tr-CMS^Wi^-rS-<i:CJ:oTEcoRI ^ii^«L/Co ^ ^> 

(r. Bgiii vmm'^mmtzmf^^ri'^tztz.b. mu uitLmmT^tzo 

■C> C®7°5X- K^&pVCKlOlQi^ig L/Co pVCKlOlQ^Hindll I iXholT^fSr 
Hindi lI-SallT'^®rL/cpUC18 <!:^-^ LpTOKlSO ^fP^L/Co pTOKlSO ^ 
Hindlll T^ifLs T4 DNAtJ? ') 7 -HfMS^EcoRI ')>7!7- (5'-CCGAATTCGG- 
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3') ^}fALia]g-rs:itlcj:<5, Hindi 1 1 U^^EcdRl Um^^^U pT0K239 
tbfZo pGA482*HpalT^ttlf XhoI'J>*- (5 ' -CCTCGAGG-3 ' ) ^ifALWJS 
LTpTOK236 ^i^^bfzo pTOK236 ^Xbal*> J:0'EcoRl -V^Mb. 2.6 kb ©fK- 
^m^L/Co PTOK239 ^EcoRI *J J: C/Xbal 2.7 kb if>i-^l^*L> 
PT0K236 ©2.7 kb Xbal-EcoRl Sff>t*»A LH^^LTpNBl^f^fiJcL/Co pNBlli. 

DNA/i^li•§•^T-l^/j:oo 

(c) pSBlCD^m 

pNBl^KpnlT'^if Ls pTiBo542 (American Type Culture Collection 
-t37349 ) O-y^ ;H^>;^^i^OvirBfcck(>'virGitfe^^'i-tn5.2 kb Kpnl©f>t 

^ - «fi!c-r ^ d t T- ^ ^ o 

(d) pSB31 OpSBl'\©#A 

PT0K232 om^tmmi^. pSB31 ^tiI^M^;tm:oTpSBl{r#A-r'5Ci:Jr 
J:-5TpSB131^f^tBL:fe (112#Sg) » 

(3 ) $^T/o/N'i?x 'J '^7A 

T-DNA M^^^IJ[^L/c||3^. LBA4404 iEHAlOl i x 7 i LTf^ffl 

L/Co LBA4404 X i K (vir m^'i:%^UW^Ti^r:>) PAL4404 ^ 

?)> American Type Culture Collection J: OA^nJfgT* 5 
(ATCC 37349)o EHA10Hi's;U^^°-7'7 X $ KOvir 
T/Dv<i?x >j -i? AA281fi5^T*)0N Hood E. E. et al. 1986 (±J|) ;&^'^>A^ 

( 2 ) ©'<^:^';-'^^^-<£-Ctlt>2 ^1^© 7 5'' o /< t >; 

'^AC^AL> J!iiT©M^<S-jtfEi^#Affl<!: LTffll^/Co cnt>©:/7;^$ K^r 
T^^a^<i7T0 'y2.\tmAtil3^ltmm<^E.^^m^i^ CDltta G. et al. , 
1980: Proc. Natl. Acad. Sci. USA 77:7347-7351) trJ;o/Co 
LBA4404(pTOK232) 
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LBA4404(pSB131) 
EHA101(pIG121Hin) 

(4) 7^'vy<^T'}0L.mmi&om^ 

ABtgitil (Drlica K. A. and Kado C. 1. 1974; Proc. Natl. Acad. Sci. USA 
71:3677-3681 )±T'3~1 0 Bm^^LfzT C^v^<^ t- ^} A©=i o J^-^fi 

LSmmmm. 0.5 mg.nil -=i^>®?, 0.5 mg/ltfU K+v>igi^lg^ 1 mg 
.lf-T^>tgMs 100 Dig U :t-f / •> l>->'l/> l.Smg/l 2. 4-D. Igl 
ij^l yi^s 1 0 0//M7-tr h'>U 0.2 M vs*!. 0. 2 M /^I'^-X) 

lis >f 4^-v0^^a{r|d:jijEAA^l& (AAi^«±g5i^ A A7 $ /i?.at/AA 
ti":^' i >li (Toriyama K. and Hinata K. 1985: Plant Sci. 41:179-183 ) s 
MSt^fiig^ (Murashige, T. and Skoog, F. 1962: Physiol. Plant. 15:473- 
497) > 1.0 g 1 iJ-fi 100 /zM7-t b •> U >=i'>. 0.2 M ->3:^. 0.2 M 

(5) mmisjixf^m^^ 

Smia^iilOO A^MT-t b->'j >a'>, 20 g l->3*i. 10 g l^^7U3-x^ 
#«iELS^ite (LS^gJg^. hS^mmm. 0.5 rog ml 0.5 
ing le'J K+v >iS®?ii> 1 mg. 15^7 i lOa mg U :t ^ / ■> V-)V. 

0. 1 mg l:^i'^^f">. 1.0 mg. I JWi. 2. 3 g 1 f)\^=7^ V) 
2 BSB^TT'2~3 BfBm^t/Co -t®^. 250 mg 1-t 7 ;j- ^ + •> A^-f ir 

M^© h-^^^uiJv^MlilOO nU7^ h •> U >r^>> 20 g l'> 3*i^ 10 g 
ir^w^i-^^^^irLSD 1. 5*^^^J& (LSiSi^^^ LS?g[l:i^3i> 0.5 
mg ml -zi^ym> 0.5 mg lh°'J K+->>Jg^tg. 1 mg 1^7 i >^ga^?^g^ 100 
mg 1 = it'T / V 1. 5 mg 1 2. 4-D. 700 mgl «J 500 mg 1 

ME S. 8 g 1 r^WLs 2 S^'C^ BtUTT- 1 ~5 Bm^m^iZo ^® 
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<S-250]ng. 1 ^7 ;i-^ + '>A^^t;L SD 1 . 5 JlXi^M^^M (L S D 1 . 5 

/c. aMM0^Tv*Mii:T-t h •> 'J >3'>, vg^. ^"J^=3-x^mMS. 
■C#t: 2 N 6 (N6 ©MigfcJ:C;^h";J' i >® (Chu C. C. 1978 Proc. 

Symp. Plant Tissue Culture, Science Press Peking, pp 43-50 ) 1 g. 1 if 
^ /m. 2 mg. 1 2. 4 -D. 2 g/1 YJl^^-( h) iZ^Ul. 2 5'C^ BtUTT' 
2-5 BrBli&#L/Co mmMm=^2bQ mg.l-byt^^'y2.^^ijmm 

(6) GUSfgttoiii;?^ 

iiai^^O. 1« Triton X-100 ^-^t-0. 1 M U >^M?K(pH6. 

8) {^«^L. 3 7°C-eiB#TOgL/Co ^) >mmmm-cT^'a^<^y^O'yi^^f^ 
*L/:^^ 1.0 mM 5-7'ot-4-:;7DD-3-'i'> K 'J ;S - D - ^'Ol/j? 
n >i!(X-gluc)tJ J:O'20!« > ^ y --'U^-i-t; U >^^«^^^Sn t/^o 3 7 "CT 

ck 0 G U S ^fe^ff -o 

(7) mnmmmm(Dmmtm<^wn^it 

T^^Dvs'^T^ij ^A^^SL/c h'j7*D3i/7|cM^250 mg l-tr7;i-^ + vA 

isJiZfO -100 mg l^W /D-^-r •> >S/cliO -20 mg 1 PPT =^^ijL S D 1 . 

X^30 mg 1 -> ytfzltQ -20 mg 1 PPT <S-^t;L S Z^itfe 

(LSDl. 5 :^;^X±t5i^itb*^^, 2, 4 -D^|^#^ 50 mg 1 ■tfTf->^to;i 

-r^^T^M^ 250 mg 1 -b7 ;j-^ + ->AfcJ:(:>' 50 mg i?'Dv-r •> >^-t 
2 N 6 @f*^ilfe-C 3-4 tStJtttO?!? ;PX^il^ L/Ce C 
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(Dt&in.^:^Jl^7.=S:m mg. l/W v-f •> >*#trN 6 - 7 ^Hfe (N GMi^ 
1^, N 6 i 2 g 1 :^-lf i 1 mg 1 2. 4-D. O.Smgl 
6BA. 30g.l VJV\fV-Jl. 20 gl ■> a 2 g 1 ^Vl^^ h) T 2-3 
iir^^«L:^c©*.. 50 mg. l /a •> >^-tir<t1^^*S^ffiON 6 S 3^ 

m (1 2 6^gwig^^ Nemmm^i^m. NGt-^i >m. i g i 

■if ^ y i^^ 0. 2 mg. 1 NAA^ 1 mg.l ^i->. 2 g 1 h) tz^Ub 

fzo I^MiZltt^X 250 mg/l -t^^j- ^4-vA^j^SDL;':o 

( 8 ) h t D 3 vtmem^j^mttir ^#Aite^® 

LBA4404(pSB131) ^^MLPPT Mfr ck '9^#bn/c?f^®fe^^ftti!fe^gm 

GUSitlE^^©^^<&lf4L/Co */ccnt»o^*Si®^©-'lf|5Jr500 fglc^f^L 
(Hoechst. PPT^^filc^t-rSl^m^J) }^^^?fTt2 MiirPPT^tn: 

m OTi©7^M^ML10 mg/l PPT ^#t;LSD1.5^^UX^#i&itlJiCtt^t 
fzo 25'C. BgMTTS iiF^W^;:7;ux?&fi5c©WS$^m^t::PPT JSiatt^Hi L 
tzo LBA4404(pTOK233)^S&«L^^'f /d-t^T •> >ilfe{r J: ?)#'in/c?gMte^ffi 

(9) ■>)-^>miZ^6m\Mii:l-(D^m 

®3^LBA4404(pSB131) «rML. PPT Mtl J; Oll^.n/c?^K«tt^ft*Jcl: 
Z>'^)^i&ft® h 'i'^D n •>^j!J|^*^t>/^H^>©:^;& (Komari et al. . 1989; Theor. 
Appl. Genet. 77:547-552){r^)^el>D N A^tttH L^ ffiiB L/c D N A CflJH^^ 
BamHl ^ML. G U Sitfsi^fcckO'b a r itiSi^^^^a -y t L/c-9-!f >i*i: 
•t-S^AjifE^Cl^tB^^f o/Co T-DNA|^lfP©BainHI IJ-^ h;6^^L;K-y- 
SeyiJ©*^4-e©DNA|M^©fi$(4GUSjt{E^T'*^2.3kb . ba rmi^X 
J|1}2.7kb (112) o ^j:*>lMf >^ I- ol^T (4 Molecular Cloning 

(Sambrook et al. 1989; Cold Spring Harbor Laboratory Press ) irfaife®;:^ 

(10) h -^7 D 3 V^HM'XCjtfe^^A 
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Gould t)CD|g# (Gould J. et al. , 1991; Plant Physiol. 95:426-434) (rJ: 
^1 h * D 3 •>m]iai^'^©ite^^A 
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4 5 


1 4 
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0 



^i*p^na«t.^-rnt>P3732 
(11) h'>*o3->*BK--®SEa 
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mi^tlfzo ttz. EHA 1 0 1 (pIG121Hra) . LBA4 4 0 4 CpT0K232)fcck 
0'LBA4 4 0 4 (pSB131)©S^F^T©itf5-?ll^$®Ml±l!a6t>n/j:*>o/^o 









A188 


1 


32, 32(100) 


A188xB73Ht 


1 


32. 32(100) 


B73HtxA188 


1 


76 77(99) 


BMSxA188 


1 


6363(100) 


A188 


2 


65 66(98) 


H84 


2 


26 30(84) 


B37Ht 


2 


20. 20(100) 


MolTHt 


2 


24 25(96) 


WllTHt 


2 


15 15(100) 


Oh43 


2 


17 20(85) 


H99 


2 


25 25(100) 


f64A Ht rhm 


2 


10 10(100) 


A188xB73Ht 


2 


34 34(100) 


B73HtxA188 


2 


49 49(100) 


BMSxA188 


2 


59 59(100) 


A188 


3 


15 16(94) 


H84xA188 


3 


20 20(100) 


Mo17Ht X A188 


3 


8 10(80) 


C103xA188 


3 


11 11(100) 



BMS: Black Mexican Sweet 
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l:EHA101(pIG121Hiii), 2:LBA4404(pTOK232). 3:LBA4404(pSB131) 

(12) m^mtfz h'y^uzi i^m^B^-omm i^m\) 

^^i^m. Ng <)^SJ^^. Ng i:^i>m. 3%'>3m. 0. 8%T7^'□-X^ 
2nig.l 2, 4-D) T2Bmi^m (^^it^m) L /cT^^E^ffl l^T l^ S 
(ChanM.T. etal., 1993; Plant Mol. Biol. 22:49I-506)o h -i^^o 3 i/^lcj^ 

m^m^^f^i^^i^hc(D:^mi)<^f^-chzif^'^mut?>tzi6. lsdi. 5/7;u 

^liLAB4404(pSB131) tbtz^ Mi LT^M^^^^E^I^IiJr^l^Jl'g^ L 
/Co *#i&«3 Bi{rMI*®^EcD*M^GUS^feL/;<!:c:6s mxS^f^^ 

Ms^M L tz ^mm (D^it^ t-t^m^ $ n ^ © u . m^w^i^ 7 o ^ < ^ 

^3 BU^#L:fc H>:7*n3->7jc^E'\OGUSjtfE-?«A^$ 









2 0TO« 


2 1 
2 0 


0 
1 9 



(13) h t7 ^ o n ^y^m^^Mmomm 

30 Dig 1 fcJ:i:>'50 rag 1 ^ W ^"n v-f •> >j^Jntg±lfe±T'jlfe t s 75 mg 1 

^^yux^l^-cGU SiHE^©|g?l*<Eto t>n/Co ::®5^^^x*^b/J^II^>©:^i* 
(Komari et al. 1989; Theor. Appl. Genet. 77:547-552) ^r^^£l,"'^^tH b 
DNA^mmtL. GUSiif5^^±ti|ii$-ti-5^7^v - (5'- 
ATGTTACGTCCTGTAGAAAC-3 \ 5 ' -ATGGTGCGCCAGGAGAGTTG-3 ' ) ^ffl I ^T^S^iiaiSiC^ 
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(PCR) ^HilL/Co RJtlt. 1 (JL 1 ODNAmm. 5 pM®#^©:^^^ V- 
0j!g-&«^> 200 uH0dATP> dCTP> d GT P*>J:C/d TT PCRM 
^ i^MMnm) *J«tU^2.5 U ©Amp 1 i t a q DNAf^'J ^ (^fi 

;HitittoT3 Omi^^t)iiL/c ; DNA-9--t1^-^^'7- x;l. 
■7- -b^xnW l^r^C^^y;:?) 9 2^r^(Ct>/;: 0 5 5 fcJ: 

O'S^rB^IC^^fct) 7 2^0 PCR^figJl^^. 0.7SD7;Vn-xy";l/±-emma<ilJC 

Lfzm^. D N A(Dmfm&i^li^lii^ tlfli)^ -0 fzi)<. LBA4 4 0 4 

(pT0K 2 3 2) ii^mm^t) Jl7.f}^ibm\!tiLfzDN A^mmtLtzm-^s 
m^a(tbJ::J:oT 1. 8 k b p 0itilliSff)t*<J^^^''>^7*D v-r K^fej^CckO 
i^Hi^tiy^o T^^a^<^-r 'J 'i7AOV i r Gl^i^n K>*#t;7 9 5 b p 

©^^^itiH ^ -a- S 7°^ V - (5'-GACGTTTATGAAGTAGGCGAGA-3\ 5'- 
TAAAAACGCGAGGAGAAGATTG-3 ' ) ^ ffl I ^ P C R ^ HSfe L/Co LBA4404 

(pTOK 2 3 2) ^HSi L/ci^-^O. 8 k b p ©iti|iifirit*<^tb$tl/c*^ 
min.iSLtii\^7.^^tfTra^<i7r-*)^l>$m^tiJl':^i)^>>^BiLtzDNA'^mm 

tLfzm^. mi^m)iimiii^nfii}^'^fzo zoztt^^,. ffitJttt^^'ux^^T 

<t#;l ihtitZo 

(14) h t7 1 D 3 -y^n^^MmwoMm 

30-100 mg IC'N-r^^'ov-f vV^/cliS ~20 mg 1 ©PPT ^-g" 
tr^±fe±T;-^45itt?f7;Ux©i8fe^^To/:<i:C5> ^N-fr^-nv-f •>>mmvimU 
L/c*M©ll~27Si . PPT ^&TI±l^i;<35~64Si i)^ itm^tiJi'XJbm'^ti 
fz (^4. 6) o ZtLh>(Dij)lX^y^^ ^arr^ i,:,tfzliPPT ^^trm^^S 
^{b^M(:il0lcL/c<i:c:5S$-cm{*©S^{I:*^^bny;:o S^Lfc^©^ 
*GUS^feL/c<!:C;5^< (DMWV G U S jie^-©^?E3&<fSto <in (g 5 . 

6) . ztL'himw^Mm'iidX'h^t^K.ibnfz. mM^mm^omn^mB. 
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(20 mg/i ) ©PPT i:^an^it^mtp?i n£l,^B^^^:^±tb^c^•n'eng 
L/c1t!^1*-C(i + y 7W^iX^-y (GUS-) W*<ii'^j:<x WM^OPPl 
^4 ^N^/nv^ i/>jl^{CcfcS b^^a^iy^^B<0^mm^^m 





'N-r v-f ■> > 






mm 






1 


0-30- 50 




5. 22(23) 




2 


0-30- 50 




6/22(27) 




3 


0-30-100 




2. 19(11) 






lJgT'2 ~3 
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mm 










1 


64 


11 


5 




2 


15 


8 
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3 


20 


3 
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g 6 PPT il^ J; 5 Wnnmi^ 







•^0 /IS. 




GU S + 


mm 








»m(x) 


1 


364 


200(55) 


71(20) 


44(12) 


2 


121 


42(35) 


31(26) 


20(17) 


3 


68 


28(41) 


17(25) 


9(13) 


4 


44 


•28(64) 


9(20) 


6(14) 









m^immw<D G u s 


PPT j^iin 


GUS+ 


+ y -7 


GUS- 


+ 


714 
350 


335(47) 
184(53) 


74 
40 


17 

33 


9 

27 



?nmm^ + 20 mg. 1. - : 0 mg 1 
(1 5) h':7^pii->?i5!»fe^^t^JC*j{^S#Aite^O-9-9'»l?W 
?f^Mf£^i*®^DN A^BamHl T^ttlf L^®f)tJC*f LT b a r <fcC5G U saic 

o y^o I ^-rtio Jte^ ^ :?'d - y <!: l /c^-^x- fc« l /c^t offli^x- 1 ^ 
t°-0^Aitfsi^®#^E*<^«*f>^ti^- (^8) 0 ■fyT.l KpSB13lcD>f Xli 
ba ritfeT-^^trBamHl fifH-li2.7kb . G U SilfEi^<£-^iL-p|S/r>}-|±2. 3kb X 
fe6©(r>^Lttf^L/c^T©?^Kfe^i*(C(i*tl3kb J!^.±©/<> Kd^efcbti/Co 
CCCtlib a r. G U S ©Mfe^ <t tjfiltl^fe1*{-ffi^iAt n/c C i ^gjt 
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{:f5i0'C*-5o ttzmm^tlfzDl^ A]lS\>^OS:^ M^<DMo imX'ii±xm 
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b U o 
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(1 6) PTOK233 ^^AL/c h-^/^TDni/O^JjISf^jr^jlj-^^AitfE^C^ISi 
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GUS^^ 


mm 




tm 


0 


5 


^mwi 1 


4 


5 


1 2 


5 


6 



(17) t&Bm^mALtih<7^va'>(DMm^:^i^i>mxmi'^<o^m 
n^^d^^Mm^tGn smm^^.\.fzmw^u^^xm±-r:h ^fz (g 

1 0) o GUSitei^®^?S^ PPT mi'&.t^Kl HT-^SIfwii^-r^itfEW^ 
^^^L/Co ?^{C*fBBn°n@J:OJ^BiL/c*M^PPT ^W^itfeT^^ L i C ^ 

©^i*E*-«±t5ii^3ipf y $ n X i^^ii <^ n o c n ?t t jf^Mte 
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